In the previous paper, 1) we reported the isolation and structural elucidation of eighteen new and sixteen known acyl glucoses having caffeoyl, coumaroyl and hexahydroxydiphenoyl groups from Balanophora japonica M. (Balanophoraceae) collected in Nagasaki Perfecture, Japan which was used as an antipyretic, an antitode and a hemostatic medicine in China. In a continuation of our studies on the chemical constituents of medicinal parasitic plants, 1, 2) we further isolated three ellagitannins named balanophotannins A-C (1-3) and four known lignan glycosides (4-7) from the fresh aboveground part and underground part of Balanophora japonica M. (Balanophoraceae), respectively. This paper deals with the structural elucidation of these compounds by means of NMR, MS techniques and chemical methods. The chemotaxonomic significance of the lignan glycosides in Balanophora japonica was also briefly discussed.
the methanolic extracts of the fresh underground part by means of silica gel, MCI-gel CHP20P, Sephadex LH-20 and TSK gel Toyopearl HW-40F chromatographies. The chemical structures of four known lignan glycosides, i.e., balanophonin 4-O-b-D-glucopyranoside (4), 3, 4) 
(Ϫ)-isolariciresinol 4-O-b-D-glucopyranoside (5),
2) (Ϫ)-pinoresinol O-b-D-glucopyranoside (6) 5, 6) and (Ϫ)-pinoresinol di-O-b-D-glucopyranoside (7) 7) were determined by comparing their chemical and physical data with those in the references.
Balanophotannin A (1) was isolated as a tan powder showing positive results to FeCl 3 /EtOH reagent. Its molecular formula was determined to be C 34 H 24 O 21 from the quasimolecular ion peak at m/z: 767 observed in the negative FAB-MS and the result of the elemental analysis. The 1 H-and 13 C-NMR spectra of 1 showed great similarities to those of 1,3-di-O-galloyl-4,6-(S)-hexahydroxydiphenoyl (HHDP)-b-Dglucopyranose which was isolated from the aboveground part of Balanophora japonica. 1) Taking its molecular formula into account, 1 was deduced to be a dehydrated product of 1,3-di- A-C having a 1,1-(3,3,4 ,4-tetrahydroxy)dibenzofurandicarboxyl group in their molecules and four known lignan glycosides were isolated from the extracts of fresh aboveground and underground parts of a medicinal parasitic plant Balanophora japonica (Balanophoraceae). Their structures were elucidated on the basis of spectral and chemical evidence. Chemotaxonomic significance of the known lignan glycosides in Balanophora japonica was discussed.
O-galloyl-4,6-(S)-HHDP-b-D-glucopyranose.
droxyl group of the glucose is acylated and the configuration of the anomeric center is b form. A serial of 1 H-NMR spectral data. Therefore, it was established that two galloyl groups in 1 are positioned at C-1 and C-3 hydroxyls of the glucose moiety. In the 13 C-NMR spectrum of 1 (Table 1) , besides the signals assigned to the glucose moiety and galloyl groups, 12 acromatic and two carbonyl signals 8, 9) were observed, indicating the presence of a 1,1Ј-(3,3Ј,4,4Ј-tetrahydroxy)dibenzofurandicarboxyl group, which was firstly found to be an acyl group of mallotusinin in Mallotus (Euphorbiaceae). 8) On the basis of the above evidence, the structure of balanophotannin A (1) was established to be 1,
Balanophotannin B (2), a tan powder, exhibited a caffeoyl group, a 1b,4,6-O-tri-acylated glucopyranose moiety and two aromatic proton signals (d 7.34, 7.18) in its 1 H-NMR spectrum. The 1 H-and 13 C-NMR data (Table 1) Balanophotannin C (3) which is also a tan powder purified from the same fraction together with compound 2, showed similarities with 2 in it 1 H-and 13 C-NMR spectra. However, a galloyl's signal was observed in both 1 H-and 13 C-NMR spectra of 3, suggesting it has one more galloyl in the molecule than 2. This was supported by the negative FAB-MS of 3 which displayed an [MϪH] Ϫ molecular ion peak at m/z: 777. To elucidate the location of the galloyl group in the molecule of 3, the proton signals of the glucose moiety in 3 were fully assigned by using the galloyl group is located in C-3 hydroxyl group of the glucose because a downshift (Ddϭϩ1.62 ppm) for H-3 was observed. Finally, transformation of compound 3 to 2 by tannase hydrolysis further confirmed its structure to be 1
glucopyranose was also isolated from the same plant. 1) In summary, three ellagitannins (1-3) and four known lignan glcosides (4-7) were isolated from the extracts of fresh aboveground and underground parts of Balanophora japonica (Balanophoraceae) by column chromatographies. Balanophotannins A-C (1-3) have a 1,1Ј-(3,3Ј,4 ,4Ј-tetrahydroxy) dibenzofurandicarboxyl group linked to the 4,6-position of the glucose moiety. To the best of our knowledge, balanophotannins represent the first example of a type of 4 C 1 conformation glucopyranose-containing ellagitannin having such acyl group in the molecule. Balanophotannins A-C (1-3) are the dehydrated products of the corresponding ellagitannins co-existing in the same plants. 1) In addition, the known lignan glycosides showed chemotaxonomic significance. Compound 5 was isolated from another parasitic medicinal plant Cynomorium songaricum (Cynomoriaceae) as a new lignan glycoside by the authors.
2) A lignan glycoside with the same dihydrobenzofuran skeleton as balanophonin 4-O-b-D-glucopyranoside (4) was also found in Cynomorium songaricum.
2) Recently, balanophonin 4-O-b-Dglucopyranoside (4) and related lignan glycosides were isolated from a parasitic plant Aeginetia indica (Orobanchaceae). These chemical information may be regarded as the evidence for supporting the taxonomic affinities among families Balanophoraceae, Cynomoriaceae and Orobanchaceae.
Experimental
General Optical rotations were measured with a JASCO DIP-370 digital polarimeter.
1 H-and Extraction and Isolation (a) Aboveground Part: The MeOH extract (223.7 g) of the aboveground part of fresh Balanophora japonica (1.73 kg) collected in Nagasaki Prefecture was divided into Et 2 O, EtOAc and H 2 O layers as described in our previous paper.
1) The EtOAc layer was subjected to Toyopearl HW-40 column chromatography (20-100% MeOH in H 2 O) to give three fractions. The third fraction which was eluated by 80-100% MeOH was sequentially chromatographed over Chromatorex ODS (H 2 O-MeOH), Sephadex LH-20 (80-100% MeOH) and MCI-gel CHP 20P (H 2 O-MeOH) to furnish compounds 1 (16.2 mg), 2 (88.4 mg) and 3 (14.5 mg).
(b) Underground Part: The MeOH extracts (131 g) of fresh underground part (1.01 kg) of B. japonica was separated into four fractions by silica gel chromatography as described in our previous paper. C-NMR data see Table 1 . Tannase Hydrolysis of 3 A solution of 3 (10 mg) in water (2 ml) was hydrolyzed in a manner similar to that described for 1 to yield compound 2 (5.9 mg).
